Fujian's CFI has continued to improve yearly, and is currently above the national average. The low proportion of state-owned and state holding enterprises value, low proportion of coal consumption in the energy structure, industrial scale with a majority of medium-and large-sized enterprises, and advanced technology level are the main reasons for the success of Fujian's CFI. Finally, this study proposes several feasible policies that could be adopted by the authorities concerned.
Introduction
Data from the International Energy Agency (IEA) show that approximately 28% of energy consumption in 2011 can be attributed to industrial production on a global scale (IEA, 2012) , whereas this figure reached as high as 70% in China (International Energy Workshop or IEW, 2013) .
The Intergovernmental Panel on Climate Change (IPCC, 2007) reported that carbon dioxide (CO 2 ) emissions caused by global energy consumption increased from 20 GtCO 2 in 1990 to 26 GtCO 2 in 2005. In addition, 36% of CO 2 emission was released from energy-intensive industries, such as steel production, paper making, and textile manufacturing (IEA, 2007) . These industrial sectors dominate China's total CO 2 emissions at 72% in 2010 (IEW, 2013) .
China is the largest textile manufacturer in the world, generating close to two-thirds of all textile fibers produced worldwide in 2012, followed by India and the United States (Lenzing, 2013) .
The overall textile industry (OTI) is an energy-intensive and high-emission industry with an energy consumption and greenhouse gas emission that ranks relatively high among the manufacturing sectors. In 2010, the final energy consumption of OTI, including three subsectors, namely, textile industry (TI), chemical fiber industry (CFI), and garments, shoes, and hats manufacturing industry (GSHM) accounted for 4.10% of the total energy consumption in China (DES, 2011) .
Fujian is one of the major OTI provinces in China and is representative of the TI, CFI, and 3 GSHM. In 2010, OTI industrial output accounted for 12% of that of the province, with the OTI economic aggregate of Fujian ranking fifth in the country. The comprehensive energy consumption of OTI in Fujian was also significant, ranking seventh among all energy-intensive industries in the province (FPBS, 2012) .
The Chinese government, in its "Twelfth Five-year (2011 Five-year ( -2015 Plan for National Economic and Social Development Outline", clearly indicated that the energy consumption per unit of GDP should be reduced by 16% by 2015 with the aim of achieving energy conservation and emissions reduction. Fujian Province also promulgated the "Twelfth Five-year Development Plan for Fujian's Textile Industry", which provides a guide for the sustainable development of the local OTI. This plan suggests that the industrial added value (IAV) of textile enterprises above the designated size should grow at an average annual rate of 16%, whereas the energy consumption per unit of IAV should decline by 20% of the 2010 levels. These aims undoubtedly pose considerable challenges to the OTI of China.
Energy use and carbon emissions are closely linked. CO 2 emissions from fossil-based energy consumption account for 89% of the total CO 2 emissions in China (Zhao et al, 2013) . Studies have shown that improving energy efficiency is the most direct means of reducing greenhouse gas emissions (Mohsen and Akash, 1998) . Energy efficiency serves an important function in reducing fossil energy consumption, which in turn can reduce air pollution and deter human-induced climate change (Blesl et al., 2007 ). An industry is the basic starting point of national energy strategies.
Studies on industrial energy efficiency and its main driving factors from the perspective of global and local industries will provide essential information for the establishment of reasonable energy policies. As an energy-intensive industry, OTI is an important contributor to CO 2 emissions. Hence, investigating the energy efficiency of OTI is necessary to reduce the energy consumption of the industry and achieve energy conservation and emissions reduction targets.
This study aims to contribute to the understanding of energy use and energy efficiency in 4 Chinese OTI through multi-level comparisons and analyses. The gap between China and foreign countries, such as the US, will be examined to assess the energy efficiency performance of OTI from both the industry and subsector levels in China, conduct a longitudinal analysis of the status quo of energy efficiency of Chinese OTI, and perform a transverse comparison of the energy efficiencies of the different subsectors. Energy efficiency will be represented using the appropriate metrics. This paper also focuses on the subsector with the highest unit energy consumption and on key areas such as the Fujian Province. This study conducts a quantitative analysis of the influencing factors of the energy efficiency of the key subsector in China and the differences in the factors in Fujian Province. The results of multi-level comparisons and analysis of the main influencing factors of energy efficiency in the key subsector of China and Fujian will enable the proposal of several feasible policies. In investigating the energy consumption and utilization problem of the Chinese OTI from the national, sub-industrial, and provincial levels, this study has the following aims: to provide guidance for the sustainable energy utilization of the OTI, to serve as the basis for further energy conservation, and to provide a scientific reference for decisions related to energy management.
Methods

Literature overview
International research on energy efficiency started early and hence is more systematic and substantial than that in China. Trianni et al. (2013) investigated several barriers that hinder the adoption of energy-efficient technologies and practices in foundries in European countries. Cui et al. (2014) calculated the energy efficiencies of nine countries using the economic value-added method. Utlu and Hepbasli (2007) analyzed the energy efficiencies of countries by reviewing studies conducted on various countries or societies. Tanaka (2008) assessed various energy efficiency performance measures in the industry and the application of these measures in policies. Sue Wing and Eckaus (2008) found that the aggregate energy-GDP ratio of an industry decomposes into shifts 5 in sectoral/subsectoral composition (structural/product structural change) and adjusts according to the industry energy demand (efficiency change). Their results showed that in the prophase, adjusting the industrial structure improved energy efficiency, but the internal efficiency of an industry had clearer effects on energy efficiency in the long run. In China, most existing studies on energy efficiency focused on the national or regional level (Wang et al, 2013; Wu et al., 2014; Zhang and Lan, 2013) , and only few on industrial energy efficiency. Therefore, most research objects in literature are mostly on national or regional energy efficiency, whereas industrial energy efficiency as a research object is relatively rare.
Although OTI is a vital industry sector with significant energy consumption, few scientific papers have addressed energy efficiency issues in this industry. Palanichamy and Babu (2005) acknowledged the fruitful energy conservation experiences of the Indian TI and proposed the potential of increased energy efficiency. Ozturk (2005) estimated the energy consumption per production for the textile sector and surveyed the relationship among energy usage, energy cost, and textile production. Martínez (2009) adopted the energy used per unit of production value (PV), which signifies the market value of all the final goods and services produced by a country or region in a given period, and added value (AV), which refers to the new value added during the production of industrial enterprises, to describe the development of energy efficiency in German and Colombian industrial sectors. Palamutcu (2010) calculated the actual and estimated energy consumption using production ratios of electric energy the various stages of the cotton textile process, such as spinning, warping sizing, weaving, wet processing, and clothing manufacturing in Turkey. Hong et al. (2010) used the energy per unit of the gross output value and the GDP to show the energy utilization status of 303 firms in the Taiwanese TI. Reddy and Ray (2011) examined the ratio of energy consumption to production as the efficiency indicator in five industrial sectors (iron and steel, aluminum, textiles, paper, and cement) in India and found that the combined effect of structure and efficiency was positive for the aluminum and textile sectors. 6 Cagno and Trianni (2012) also identified the most effective energy efficiency practices in the manufacture of primary metals, plastics, and textiles in both small-and medium-sized enterprises in North America and Italy. Hasanbeigi (2010) provided more than 190 technologies and measures for energy efficiency, which were applicable to TI. Hasanbeigi and Price (2012a) proposed further improvement opportunities for energy efficiency, which are available in some major textile subsectors and proposed that the most aggregated energy efficiency was at the industry level, followed by the industry subsector level, which can reflect the general industry-wide or subsector-wide efficiency level. Hasanbeigi et al. (2012b) selected the indicator energy use/unit of product as the metric and compared 13 textile plants from five major subsectors of the Iranian TI to show that energy saving/management efforts should be focused on motor-driven systems. Hasanbeigi et al. (2012b) also emphasized that future research in textile must focus on the conduct of energy efficiency studies in countries where TI energy use is significantly high, such as in China.
However, existing research in China is limited. Liao and Wei (2010) indicated that without significant changes in the energy input structure, economic indicators could be used simply and feasibly to measure energy efficiency. Chen (2013) The literature survey shows that studies on energy efficiency and analysis of the influencing factors in the textile sector and its subsectors remains limited, especially in China. Therefore, this study seeks to fill these gaps. Patterson (1996) defines energy efficiency as the ratio of the useful output to the energy input of a progress. A number of energy efficiency indicator systems currently exist worldwide.
Selection of energy efficiency indicators
The World Energy Council (WEC) has established an energy efficiency indicator system that aims to conduct an international comparative study on energy efficiency and energy conservation policies (WEC, 2001) . The indicators of this system can be divided into two types. One type is the economic indicator, and the second is the technical economic indicator or the unit consumption indicator.
The European Union (EU) has also established an energy efficiency indicator system to measure the energy efficiency of member states and their changing trends. The EU system has six macro-indicators (Gvozdenac, 2013) . Two of the most important macro-indicators in this system are the ratio between energy and consumption measured in monetary units and energy consumption per production.
Using a systematic introduction, Chinese scholars Wei and Liao (2010) concluded that the energy macro-efficiency indicators that include the energy consumption per unit of GDP, PV, and AV, as well as the physical energy efficiency indicators that include the energy consumption per unit product (EP) and process energy consumption, are the most popularly adopted indicators. The former is commonly used in measuring the total energy efficiency of a country, region, or industry, whereas the latter is more suitable for inter-enterprise with the same structure of production. Wang In conclusion, economic indicators are chosen to measure the energy efficiency of OTI.
Calculation of energy efficiency
This study selects EPV and EAV as economic indicators to measure the nationwide energy efficiency of OTI in China. EPV refers to the amount of energy consumption per unit of output within a certain period in a country or region and of a sector or an industry. EAV refers to the amount of energy consumption per unit of industrial added value. On the basis of "the general calculation principles of the comprehensive energy consumption" (GB/T 2589-2008), the equation of EPV in this study is as follows:
where EC is the total energy consumption of the OTI that is converted at the gross coal consumption rate, and PV is the production value within the statistical year.
The following is the equation of EAV:
where IAV is the industrial added value, which refers to the final industrial production results of industrial enterprises in monetary terms during the statistical period. Lower EPV and EAV indicate lower energy consumption per unit value within a certain period of time, and consequently, a higher energy macro-efficiency. The OTI is a complicated and heterogeneous industry with multiple subsectors and different enterprises. On the premise of consistent statistical data classification while avoiding the deviation caused by the internal classification adjustment of subsectors, this study identifies TI, CFI, and GSHM as the boundary of the entire textile manufacturing industry, and following the classification of the sectors in the yearbooks.
Energy efficiency in the Chinese textile industry 3.1 International comparison
The US is also a manufacturer that ranks second in the world in terms of manufacturing output (CNTAC, 2013) . The manufacturing sectors in the US are divided into three major groups: high-energy, high value-added, and low-energy consumers. OTI belongs to the third group (EIA, 1995) . With the US as a representative of the advanced level, this section analyzes the gap between the textile manufacturing in China and that in the US through a horizontal comparison of energy consumption structure and energy efficiency.
Using data on the consumption of all energy types in yearbooks, we analyze the energy structure of the Chinese OTI during the implementation of the "Eleventh Five-year Plan (2006-2010)". The situation in the US is also presented, as shown in Figure 1 , in which coal and electric power had a dominant role in the energy composition of OTI in China, accounting for approximately 75% of the total energy consumption during the past five years. Natural gas accounted for less than 1% of the total energy consumption of the Chinese OTI. The textile manufacturing in the US depended mainly on gas and electric power, which accounted for more than 80% of the total energy consumption, and the proportion of coal in the textile energy consumption was very small, at only 13% in 2006, which decreased further to 7% in 2010.
Moreover, oil, natural gas, and electric power have obvious advantages over coal in terms of efficiency. The calorific value and utilization efficiency of natural gas and oil, which causes less pollution, are both higher than those of coal. In terms of equivalent heat value, the heat of one kilogram coal is also less than that of oil or natural gas, only accounting for 50% to 60% of the total heat of oil or natural gas. In particular, the available heat utilization efficiency is only 27% in processing, conversion, and storage because of low-quality coals and immature technology, whereas of oil and natural gas is 50% and 57%, respectively, and that of electric energy regarded as clean energy is 85%. With higher quality and less inefficient energy, the energy structure of textile manufacturing in the US is clearly better than that in China.
11 Figures 1 and 2 . By comparison and to some degree, the lower proportion of coal consumption and higher proportion of gas consumption in the US than that in China contributed to the higher energy efficiency of OTI in the former than in the latter. We also deduce that the economic system may affect the energy efficiency of OTI, which could be one of the 12 reasons for the difference between the two countries.
Figure 2. EAV of the OTI in China and the US
Energy efficiency comparison among subsectors
An international comparison shows that the Chinese OTI has experienced industry-wide inefficiency in the last decade and that the government should focus on improving efficiency and productivity. Understanding the energy use of the different industry subsectors is crucial for improving energy-efficiency policies for the OTI. Figure 3 shows the total energy consumption of the OTI from subsector levels in China and the changing trend of this industry over time. Among the subsectors, the energy shares of TI, CFI, and GSHM in the total energy consumption in 2000 were 55.8%, 37.5%, and 6.7%, respectively, which changed to 73.3%, 17.9%, and 8.8%, respectively, in 2011. From 2000 to 2011, the Chinese OTI experienced a dramatic increase in the rate of energy use and nationwide energy shortages (Zhang et al, 2011; Li et al., 2014 ameliorative energy-saving policies, and incentive of higher energy prices. After 2004, the rapid increase in energy prices in China encouraged the promotion of energy conservation and energy efficiency (Jiang, 2009) . Energy is one of the main cost factors in the textile industry. In Brazil, energy cost accounted for 5% of the textile manufacturing cost, whereas in India, energy cost was 12% (Koç and Kaplan, 2007) . Hence, improving energy efficiency should be a primary concern for textile plants, especially during periods of high energy price volatility. Figure 4 shows the energy efficiency levels of three subsectors and the entire OTI based on the EPV indicator. As total energy consumption increased annually, the EPV of OTI declined gradually, and after 2005, the decline rate became slower. The EPV of CFI was the highest for a long time.
Figure 3. Energy consumption of the OTI in China
The average annual EPV of the national CFI was 491.6 tce/million dollars, which was 2.3 times that of the level of the entire OTI and nearly 8 times the level of GSHM, demonstrating that the development of CFI was more dependent on energy than the other two subsectors. The main reason behind this finding could be the low production concentration ratio of CFI in China, with the 14 small-scale enterprises and scattered distribution factories. Previous literature indicated that the chemical fiber production of China accounted for 18.3% of the world in 1998, whereas number of factories was over 45% (Li, 2000) . In 2012, 90% of the chemical fiber enterprises in China were below the designated size, whereas the other 10% (approximately 1,870) were above the designated size (Lv, 2012) . Moreover, more than 90% of the enterprises above the designated size were smalland medium-sized enterprises (CNTAC, 2013) . The failure to attain the best concentration ratio and manufacturing scale prevented China from promoting energy efficiency (Wang, 2012) .
Figure 4. EPV of the OTI in China
In 2004, under increasing PV and yield, the EPV of the national CFI decreased sharply, indicating a remarkable improvement in the energy efficiency of CFI.
As previously mentioned, the change in the energy efficiency of an industry can be attributed to changes in the product structure and efficiency. CFI produces a wide range of cellulosic and synthetic fibers that require different energy levels. Hence, the product structure of CFI should be analyzed to determine the dominant factors that cause a sharp decrease in the indicators. The 15 product structure of CFI in 2004 exhibited a proportion of main products based on the China Textile Industry Development Report (CNTAC, 2002 (CNTAC, -2006 . Standard and relative standard deviations are adopted to determine the stability of the product structure ( During the implementation of the "Eleventh Five-year Plan," the proportion of accounted chemical fibers in textile materials was 70%, and chemical fiber was one of the nine major energy-intensive export products in China (Jiang, 2009) . The top five energy-intensive petrochemical industries in China belong in CFI. As analyzed previously, energy conservation and emission reduction efforts of CFI are imminent and urgent, and thus, energy efficiency of CFI must be highlighted.
Energy efficiency of CFI in Fujian Province
This section measures the energy efficiency of the key subsector in the key area, namely, Fujian Province ( Figure 5 ) and compares the level of energy efficiency of the Fujian Province with that of the national efficiency level. Figure 5 shows that the IAV of CFI in Fujian generally increased, whereas EAV declined. The IAV of CFI in Fujian increased sevenfold from 2000 to 2011.
The EAV of CFI reduced by 78% during the research period. 
Influencing factors analysis
Analysis of factors influencing energy efficiency of CFI in China
We can qualitatively deduce from the comparison described in Section 3 that the factors influencing energy efficiency of CFI include economic system variable (ESV), energy structure ESV refers to the economic system variable, which is the proportion of the output value of state-owned and state-holding enterprises to the total industrial output CFI. ES is the proportion of coal consumption in the total energy consumption of CFI, which determines the energy consumption structure. ICR represents the industry concentration ratio, which is the proportion of large-and medium-sized enterprise output value in the total industrial output CFI. IS represents the industry scale and is the result of dividing the total industrial output value by the number of enterprises of CFI. The unit of IS is one hundred million Yuan/individual. TL is the annual logarithm value of the number of patent applications in CFI. 
In the equation, to reduce heteroscedasticity and colinearity between variables, Y is the logarithm value of EPV, C is a constant term, α is parameter coefficient, and μ is the residual term.
Backward elimination method is part of the stepwise regression analysis, which gradually excludes the most insignificant argument from the total arguments until all independent variables became significant. Thus, the final result is the "optimal" equation. The study used SPSS 20.0 software to create a multiple regression equation by backward regression. The results can be found in Table 3 . level, whereas ESV and IS passed the significance tests at 5% level. Low EPV indicates high energy efficiency. These findings suggest the following conclusions.
In the market, the proportion of output value of state-owned and state holding enterprises (ESV)
increased by 1% and EPV (in logs) of CFI increased by 0.554%, indicating that the high proportion of state-owned economy is not conducive to improving the energy efficiency of CFI. Hence, better reforms in state-owned enterprises should be implemented and the development of non-public enterprises, such as private and foreign-funded enterprises, should be encouraged. Moreover, the "State Retreats While Private Sector Advances" stock reform should be promoted to strengthen the enterprise incentive mechanism from the micro perspective by spontaneously implementing the economic behavior of improving manufacturing and operations efficiency and saving scarce resources and energy. The proportion of coal (ES) in the energy consumption structure increase will improve the EPV (in logs) of the Chinese CFI, with a high regression coefficient of 1.576. China should actively explore measures that will improve the efficiency of its coal utilization and promote highly efficient and environment-friendly and renewable energy. Hence, structures should gradually strike a path toward the optimization direction based on high-quality, low-carbon, and clean energy, which is important for the sustainable development of Chinese CFI.
A negative correlation exists between the explanatory variables IS, TL, and the dependent variable index, which indicates that increasing the industry scale and technical level will decrease the EPV of CFI. Among them, IS is an important factor that affects CFI energy efficiency. The expansion of enterprise scale and increase in energy efficiency can help bring out the potentials of 21 equipment and intensification of energy. Currently, many small-and medium-sized chemical fiber enterprises and small workshops have a significant influence in improving the energy efficiency of CFI. The improvement of TL will also decrease the EPV of CFI, which has greater influence than IS.
Technological advances enhance the efficiency of the production process recognized by the academia. The results of the CFI energy efficiency factor analysis are aligned with objective laws.
Currently, the production process and technology of CFI in China are relatively backward. Thus, the government must establish industrial policies and related regulations to guide enterprises in investing more in environmental protection technology, introducing technical knowledge and management experience, and in creating new invention technologies to promote technological advances that could improve the energy efficiency of CFI.
Comparison of factors influencing energy efficiency of Fujian's CFI
After identifying the main factors influencing energy efficiency in China's CFI, we compare the factors identified at the national level with those in Fujian, a province in China. This comparison will explain the differences on energy efficiency between Fujian and China. Table 4 shows that ESV of CFI in Fujian is only 0.0901, which is 37.9% of that in China. In other words, the non-public enterprises of Fujian's CFI has more development advantages because Fujian's location in a coastal region and as the western principal part of the Straits Economic Zone.
This location has enabled the province to attract considerable foreign capital. Fujian also has Xiamen, a special economic zone that benefits from free trade. The coal consumption share of CFI in Fujian is 0.11 less than the national average, indicating the higher ES of CFI in Fujian. Moreover, the enterprise scale of Fujian is also larger than that of the national level. On average, the annual output value of each enterprise in Fujian is about 10 million Yuan more than that of the national level. Small and medium enterprises are dominant business forms of the CFI in China. In recent years, Fujian exerted considerable efforts to increase the capacity concentration in the province.
Fujian has gradually formed TI clusters in accordance with the regional economic features of local 22 cities, counties, or towns and a number of powerful enterprises in the province have also merged to become larger and more competitive chemical fiber clients. The industry agglomeration in Fujian's CFI promotes more efficient energy use in the production of the same products. With the lack of historical data in this industry, the number of patents generated in CFI each year in Fujian cannot be determined. However, the growth rate on the number of patents in this industry is 1.2 times greater than that of the national average. Hence, the technological development in Fujian could be considered as being at the forefront in China. In addition, under the circumstances of technological advancement of the nationwide OTI, the Fujian textile manufacturing enterprises took a further step and introduced a larger number of latest technologies and equipment available locally and abroad.
The industrial innovation capability in the province is also constantly improving, and the capability of the enterprises for research and development is being strengthened continuously. A group of technology development centers and a manufacturing base have been established in the province.
The technological progress in Fujian provides strong support for the energy conservation and energy efficiency efforts of Fujian's CFI. 
Conclusions and policy implications
Energy efficiency is closely connected with the sustainable development of an industry. This Industry is the starting point of the national energy policy. Energy efficiency provides essential information that supports the creation of scientifically sound energy policies for the various industries. Based on an analysis of energy efficiency, this paper argues that policy changes are necessary to achieve further development of energy efficiency in OTI in China, particularly in CFI.
Measures such as economic structure reform, ES, IS, and energy-saving technology should be undertaken. The industrial structure requires optimization, which can be achieved by reducing the proportion of CFI and increasing the share of GSHM. The economic structure should also be optimized further by reducing the proportion of state-owned enterprises and increasing non-public enterprises. The energy consumption structure also requires optimization, which can be achieved by 24 reducing the proportion of coal and oil, and using clean and renewable energy as a substitute. CFI can be assisted in realizing its merit scale by encouraging small-and medium-sized enterprises to cluster and consolidate to form large and medium-sized enterprises, thereby improving the efficiency of energy use. The development and application of energy-saving technologies of subsectors should be emphasized to achieve the aims of technical consumption reduction and improvement of the energy efficiency of the entire industry. The management experience, technology, and advantages of Fujian's CFI should be popularized to the entire country. The energy policy should also be strengthened further, and should be one of the top priorities of both national and local governments.
In conclusion, improving the energy efficiency of China's OTI will provide better opportunities for energy conservation and build a more scientific energy management system.
